SUMMARY Three patients who had suffered episodes of spontaneous hypothermia are described. Circulatory control was normal for their age but there was evidence of a persistent defect of thermoregulatory mechanisms. In all patients vascular thermoregulatory reflexes dependent upon peripheral receptors were active and in two patients reflex shivering could be obtained. There appeared, however, to be a failure of central thermoregulation as the vascular reflexes were active at abnormally low central temperatures and a fall in central temperature did not initiate shivering. It is concluded that in patients who have suffered spontaneous hypothermia there may be a persistent defect of central mechanisms subserving vasomotion and shivering, although thermoregulatory reflexes dependent upon peripheral receptors can be active. The reflex pathways for thermoregulation in man therefore have a separate integrity, physiologically independent of the central thermoregulatory mechanisms.
Episodes of hypothermia may occur in elderly subjects and their frequency and seriousness were stressed by a report from the Royal College of Physicians (1966) . Elderly survivors of such episodes of accidental hypothermia may have a persistent impairment of body temperature regulation without evidence of other neurological abnormalities (Macmillan, Corbett, Johnson, Spalding, Smith, and Wollner, 1967) . Hypothermia may result from lesions in the central nervous system which may be of a gross disruptive nature, as after head injury, cardiac arrest, or transection of the spinal cord. Alternatively hypothermia may occur as a result of discrete lesions affecting thermoregulatory centres in the hypothalamus (Bauer, 1954; Fox, Davies, Marsh, and Urich, 1970 33 .50 C with a low reading thermometer. During the whole of her admission her temperature remained below 360 C. There was no shivering. Objectively she felt warm to the touch and had no subjective sensation of cold. She was able to walk and cooperate. She was able to return home but died after having been found unconscious at home a year later. Pneumoencephalography during her first admission showed mild ventricular enlargement, and subsequent pneumoventriculography during her last admission showed gross hydrocephalus with partial obstruction of the aqueduct. At necropsy, the aqueduct was small but patent. There was dense gliosis of the tectum although the aetiology of this could not be defined (Dr. D. R. Oppenheimer).
INVESTIGATIONS OF AUTONOMIC FUNCTION
CARDIOVASCULAR REFLEXES The systemic arterial pressure was measured from a catheter in the brachial artery using a capacitance manometer and recording system. The manometer was fixed at the mid-sternal level and its calibration was checked at intervals throughout each investigation against a mercury manometer. Changes in heart rate were monitored with an electrocardiograph. The following tests were performed:
Change of posture Each subject was moved from supine to upright on a tilting table.
Valsalva's manoeuvre Each subject attempted a forced expiration for at least seven seconds through a face mask connected by a thick-walled rubber tube to a mercury manometer (Sharpey-Schafer, 1955) . They attempted to maintain a constant pressure of 30-40 mmHg.
Sudden noise and mental arithmetic A starting pistol was fired without warning. The blood pressure was also observed while a simple sequence of addition and subtraction was attempted.
THERMOREGULATORY FUNCTION The responses to both warming and cooling of the subjects were observed:
Radiant heating of trunk Central temperature was measured using an electrical thermometer (Ellab Instruments) with thermocouple applicators for the external auditory meatus and rectum. Skin temperature was measured (two investigations) at two sites on the trunk. Changes in hand blood flow were measured directly by venous occlusion plethysmography (case 3, O.Y.) or assessed by observing digital heat elimination (cases 1 and 2) using heat flow discs (Hatfield, 1950) . These were 12 mm in diameter and were applied to the pulp of the index finger or thumb of each hand and to the pulps of the big toes with the hand or foot immersed in a water bath at 28-30°C. An increase in the galvanometer reading expressed as arbitrary galvanometer units indicated a rise in digit heat elimination and vice versa (Cooper, Johnson, and Spalding, 1964) .
Body cooling Each subject was cooled gently with electric fans while temperature was measured as previously. Oxygen consumption was estimated using a Benedict-Roth spirometer. An additional cold stimulus was applied by placing the feet in cold water (40 C) briefly for two periods during the investigations.
RESULTS
The results of tests of circulatory reflexes are summarized in Table 1 . They may all be considered normal. The failure of a vasoconstrictor response to Valsalva's manoeuvre (a 'blocked' response) in case 1 (E.N.) was within the expected limits for patients with heart disease (Sharpey-Schafer, 1955) and for patients of this age (Gross, 1970) .
Radiant heating of the trunk resulted in a rise of central temperature in all patients. In case 1 (E.N.) the temperature measured in the external auditory meatus was initially 34.40 C and rose to 350 C. Case 2 (S.B.) had an initial aural temperature of 33-6°C which rose to 340 C, and case 3 (O.Y.) had an initial aural temperature of 35°C which rose to 35.70 C. However, an increase of hand blood flow occurred at abnormally low temperatures in all three patients (Fig. 1) . Cooling, initially with fans and later by brief immersion of the feet in cold water, also produced abnormal responses ( (Pickering, 1932) or reflexly from large areas of warmed skin (Kerslake and Cooper, 1950 Macmillan et al. (1967) .
Shivering is normally provoked by a peripheral cold stimulus reinforced by a low central temperature, and usually produces a rise in central temperature (Johnson and Spalding, 1966; Bligh, 1966) . Macmillan et al. (1967) demonstrated a failure of shivering in survivors of accidental hypothermia. In our three patients, cooling the trunk with fans produced a substantial fall of central temperature and also failed to elicit shivering. However, in two of these patients, chilling the feet did provoke shivering when the aural temperatures were 340 C and 370 C respectively. The absence of shivering when a large area of skin was cooled with fans indicated a failure of central receptors to respond to a considerable fall of central temperature and initiate shivering. Nevertheless, a more severe cold stimulus caused reflex shivering which occurred at a normal temperature (370 C) in one patient and produced a rise in central temperature in both. The reflexes subserving shivering and vasodilatation pass above the level of the cervical spinal cord as a transverse lesion of the cord at this level abolishes them (Guttmann, Silver, and Wyndham, 1958; Appenzeller and Schnieden, 1963; Johnson and Spalding, 1964) .
The central mechanisms for thermoregulation probably consist of two components, the first located in the posterior hypothalamus, controlling the 'set point' for body temperature, and a second, dependent on thermosensors, located in the anterior hypothalamus (Myers and Yaksh, 1971) . Investigations upon animals indicate that the centre in the posterior hypothalamus is itself insensitive to change in temperature and it appears to act as an integrating centre or 'thermostat' for afferent impulses from the skin subserving cold sensation and impulses from the anterior hypothalamus (Hemingway, 1957; Benzinger, 1969 (Fig. 3) . Reflex shivering and vasodilatation
